
















































Figure 32. Soil core samplmg, Elmendorf AFB MiSt, March 1975 

several thousand passes of mixed vehicular traf
fic were made over the road. During the winter
tIme the dump trucks hauling sand for sanding 
the streets and parkmg lots on the base use the 
road. However, the more criticalloadinw perIods 
are during and after spring thaw. The open area 
adjacen t to the road is used as a snow dump dur
ing snow removal operations on the base 
throughout the winter (Fig. 30). This results in 
considerab le water ponding in the parallel 
ditches and on the road surface during spring 
breakup (Fig. 31). FIgure 32, a photograph taken 
during the soi l coring operation of March 1975. 
shows a typical closeup of the surface spring 
meltwater conditions. 

Ft. W .. inwri&hl MESl 
This MESl section is located in a gravel road 

used dai ly by dumpster and garbage trucks. Dur
ing the wintertime the road is heavily trafficked 
by passenger cars driven to and from the Birch 
Hili Ski Area. Since construction of the MESl, 
the Army has used the road as a haul road for 
construction equipment and as an access road 
to the sanitary landfill; Alyeska Pipeline Service 
Company also has used it to move pipe and 
equipment for pIpe line construction (Fig. 33). 
The road su rface has been sprayed with used 
engine oil to stabilize the river grave l and con
trol dust. Springtime snowmelt conditions (Fig. 
3") are not nearly as severe on this section as on 
the Elmendorf AFB section. 
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PERFORMANCE OBSERVATIONS 

Elmendorf AFB MESL 
This test section has maintained its integrity 

and only slightly increased in moisture content, 
except at one location where meltwater entered 
after an attempt was made to conduct a soil 
sampling operation. The moisture content pro
files obtained from frozen core clay samples 
indicate that no moisture migration occurred 
because of the relatively low degree of satura
tion. Field CBR values during the spring thaw 
were the same as the prefreeze values during 
construction. In-situ densllie.s remained essen
tially the same as when the test section was con
structed. 

flo Wainwright MESL 
This test section has shown no signs of 

distress. The very low original mOIsture content 
has been maintained and the moisture profi le in 
the section in the frozen state has remained 
uniform. A slightly hiaher dry density obtained 
from frozen core sampling is attributed to traffic 
compaction. 

CONCLUSIONS 

Elmendorf AF8 MESL 
The Elmendorf silty clay at an average 

moisture content of about 16% and an average 
dry density of about 111 Ib/ft' (1776 kg/m') has 



a. Construction equipment. 

b. Dumpster truck. 

c. Oil pipeline pipe sectIons. 

Figure 33. Vehicular traffic, Fl. Wamwf/ght MESL 
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a. Lelt parallel ditch 

b. Close-up 01 left parallel ditch 

c. Right parallel ditch. 

Figure 34. Snowmelt. Ft Wainwright MESL, Apfl/1977. 
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maintained a uniform moisture profile dUring 
dosed-system freezing in the MESl section at a 
freezing rate estimated at approximately 1 0 in 
(22,9 mmVdav The percentage of mo isture 
5aturatlon fot the abo ve mOisture and denSity 
cond itions h about 80%, which corresponds to a 
relativelv low total heave (Fig, 3b) 

The prefreeze and after-thaw CBR va lues fo r 
the Elmendorf silly clay were es)entially the 
same, with an average value of 18.2% . With an 
8· to 10-in (016 to 0.25-m) .sand and grave l .sur· 
face layer. the MESl With a CDR value In the 
range of 10 to 24% witmtood low·demity. light
vehicular traff.c and occasional heavy truck 
tra ffic with minimal surface maintenance. 
The near-vertical sides of the MFSL, whIch are 
very d ifficuh to spray .,deQuatelv With asphalt, 
are a potential sou rce of a long-term moisture In
crease because of very small b lowholes In the 
6-mll polvethvlene inherent in the manufactur
ing process, A tw~layer polvethylene prOVides 
better protection aga inst this problem. 

Ft. Wil inwriaht MESl 
The fairbanks sill at an average mOisture con

tent of about 14% and an average dry densily of 
about 88 Ib/ft' (1427 kglmJ) maintained a 
uniform moisture profile during closed-syste m 
freezing in the MESl sectlon ata freezing rate of 
appro)(; mately 1.5 In (38 ,1 mml/day, The high 
freezing rate was due to the low moisture con
tent lind dry densitV. The percentage of moisture 
saturation for the above moisture and den51ty 
condition was about 44% 

Traffic use of the MESl has increased its de n· 
.sity about 3% from an average of 67 £. to 90,2 
Ib/ftl (1403 to 1445 kg/m ' ), With Ihe 8-- to 1()'ln 
(0.20- to 0.25-m) sand and gravel ~urface laver, 
the MESl with a CDR value In the range of 7 to 
10% withstood medlum-denslty, light-vehicular 
traffic and conSiderable heavy truck and con
struct ion equipment traffic with minimal sulface 
malntenance, 

The tw~layer polyethylene membrane IS con
sidered an improvement over the slngle-Ia ... er 
membrane and prob.ablv is economically 
justified for permanent construct ion, 

Generill 
The drying of fine·grained solis for use in 

MESl construction can be a costly and difficult 
problem In some climates. h should be remem· 
bered that the lower the required density (com· 
poction) the higher the moisture content can be 
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and st.1I have little moisture migration (heavmg) 
during freezing (Fix, 8), Too much compaction 
effort. which b gtnerally a rate occurrence, 
cou ld cause a moiscure migration problem with 
MESl con~tructlon and should be avoided if a 
lower density and higher mOisture content mate
rial provides adequate strenglh (Figs. (, and 10) 
The degree of saturation. which is lower ill a 
given moistu re content for lower densit le~, Is the 
Important factor when considering moistu re mi
grat ion (heaving) dUTlng rreezlrlg (Fig, 9), A multi
layered MESl with the wetter (al or slightly 
above optimum moisture content) and less 
dense layel as a subbase sepa rated by a horizon
tal cutoff membrane from a dryer. more dense 
top layel could !lave conSlderablv on material 
drying and compaction costs, 

Additional field tcsts with higher density solis 
are needed to determine moisture content and 
redIstribution. heaye, freezing rates and post
thaw strength relationships and (0 verify lab
oratory rcsults. 
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APPENDIX A. THE MESL CONCEPT 

Fine-grained sOils compacted at or slight ly 
below optimum moisture contents can provide 
adequate bearing strengt hs for use as struct ural 
layers in pavements and embankments How
ever. If the moisture content increases after 5011 
compact ion there is a dramatic loss of bearing 
strength. The MESl concept IS a method for 
maintaining the mOisture content of the soil at 
the desired level by encapsulating the sod In 
waterproof membranes that prevent water in
fi ltration. 

The prepared subgrade is sprayed with an 
asphalt emulsion before the bottom membrane 
of polyethylene is laid Th iS provides added 
waterproofing protection In the event of mem
brane puncture and facilitates membrane place
me nt dUring Windy cond itions. The fir st layer of 

SOi l can be ptaced by e nd-dumping or by dump
Ing from the sides with front-end loaders. The 
completed soil embankment IS sprayed wit h 
asphalt emulsion before placement of the top 
membrane The top membrane IS al so sprayed 
With asphalt emul sion and covered with a thin 
layer of clean sand to blot the asphalt and to 
provide added protection against puncture by 
the paving materials and equipment. 

Since the MESl concep t had not previously 
been fie ld tested in freezin g and thaWing condl' 
ttons. the potential problems of heaving and 
thaw-weakening and thei r effects on the mem
brane a nd sea led JOints integrities had to be 
eval uated 



APPENDIX B: CLASSI FICAT ION, COMPACTION, FREEZING AND 
CDR TEST RESULTS FOR FAIRBANKS SILT 

Tilble BI. Standard com~ction imd eRR tHtS. 

Wcl'ttr 0" Dtgr" of 
StPnplt Compoction conttnt unit wt. Void JQtu(Qtfon CBR 

00. ,ffort 1"1 (lblfiJ) ml(o I_I I-I 

34 C£·55 5.7 102.3 0,69 22.9 25.5 
5 Cf-55 7.7 108.7 0~9 (88.2) 30.7 

• Cf-SS ••• 112.3 0.5' 44.2 84 .0 
9 CE·SS '.2 114.0 0~2 (92.8) 46.2 ,. Cf·SS '.2 114.4 0~1 49.9 86.7 

10 CE·S5 10.5 112.8 0.53 54.6 75.7 
20 Cf-SS 11.2 115.0 0.50 (- gO) 50.2 
25 CE-SS 11.4 115 .3 0.50 63.3 78.3 
13 CE-SS 12.3 113..8 0.52 65 .7 65.0 
31 Cf·SS 12.9 112.5 0.5' .... 54.6 

" Cf·S5 13.0 116.0 0.49 7].5 70.7 

" Cf·SS 13.7 111.8 O.SS 69.5 22.3 
27 Cf-SS 14 .• 110.3 0.57 70.3 13.] 

" Cf-SS 15.7 \09.1 0.5. 74 .4 7.7 
30 CfoSS 18.1 104.1 0.65 11.0 '.0 
33 CE·26 ••• 103.0 0.68 28.2 27.5 

• CE·26 ••• 107.6 0.6\ 42.9 38.3 
11 CE-26 10.] 109.4 0.5. 49.2(86.4) 27.6 
19 CE·26 II.l 109.0 0.5' 56.7 43.1 

" CE-26 12_0 110.5 0.S6 51.9(12.0) 34.7 
IS CE·26 13.3 109.6 O.SI 63.1 42.0 
4 CE·26 14.2 11 0.0 0.51 61.8(77.61 29.1 
1 CE·26 IS.7 109.3 0.5. 74.8 22.3 

23 CE·26 17.0 106.3 0.63 7S.2 '.2 
29 CE-26 '" 102.6 0.68 76.0 2.5 
32 CE ·12 9.' 99.2 0.74 36.6 1S.3 

" CE-12 11 .3 102.4 0.69 45.5(" 15) 10.0 

" CE- 12 12.4 IOU 0.70 49.3 18.7 
17 CE-12 12.9 106.8 0.62 57.1('"'8S) 13 .7 

3 CE·12 14.5 103.& 0.66 60.4 19.1 
2 CE·12 lS.l 105.4 0.64 66.2(79.6) 14.3 
7 CE-12 16.7 10S .2 0.64 71.9 14.9 

" CE·12 17.5 104.9 0.65 74.8 '.3 

" CE-12 19.9 .. , 0.73 75.3 U 

Note: Filuru in p.lrenmcws i.re v~ucs of soi.ked ~mples. 
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T~ble DII. FrNl.e-th~w CDR tests. 

Wattr 0,> Dt!grt!t! of Tyqe Freeu Total C8R (N) 
StJmple CompactIon ,0nuM unIt Wt. Void soturatkm freut .. 'W hom I-In. Complere 

M. t"on (MI (Ib/ft3 ) fT1110 (7<J thaw eyelts (In.) .. 'W "'~ 
FeS·l C· 12 11.0 105.8 O~' 14.3 Cloted 0. 188 10.4 
FBS·2 C-I2 17.0 105.6 0.64 73.9 CI050ed 0.200 
FeS·3 C· 12 14.2 104.0 0.66 S9.4 Closed 0.166 
FeS'" (,12 1".2 IOU 0.65 60.6 Clo$t!d 0.200 20.9 
FeS-19 (,12 16.0 106.2 0.63 70.6 Closed • (O. I84,0.072,0.039) 
FB5·20 C·12 16.0 105.1 0.64 69.1 Closed • (0_195,0.105,0.080) 11.4 13.6 
FBS·23 (.12 16,4 104.9 0.65 -" Open .S 
FBS.24 (,12 16.2 106.2 0.63 ." Open ••• FBS-45 C·12 9.' 101.9 0.70 39.0 Clo$t!d ~.004 

FBS46 C·12 9.' 100.7 0.72 17.1 Closed -0.004 19.9 16,3 
FBS-47 C·12 12.0 101.2 0.71 47.0 Cloted ~.003 
FBS48 C-12 12.1 102.9 0.68 49.3 Clo$t!d ~.005 18.1 16.2 
FBS·51 (.12 12.6 105.2 0.64 :S4.3 Closed 0,006 
FeS·52 C·12 12.3 105.2 0.64 53.0 Closed 0.001 13.9 25.0 
FBS·59 C-12 17.7 106.2 0.63 78.1 Clo$t!d 0.234 
FB5~0 C·12 17.6 106.2 0.63 77.7 Cl .... 0.286 ]A 11.3 

FBS·S CE-26 14.4 108.6 0~9 67.4 Closed 0.255 
FBS~ CE-26 14.4 109.2 ". 68,4 Closed 0.264 23.8 
FBS·7 CE·26 ,,~ 107.5 0.61 S7.0 Closed 0.079 25.3 
FBS-8 CE-26 13.1 107.0 0.62 59.0 OOSlld I 0.083 
FBS-17 CE-26 14.6 111.7 O~S 73.9 Closed • (O.262,0.104,0.09]) 
FBS·18 CE-26 14.7 110.8 O~' 72.7 CloSlld • (0212,0.087,0.030) 275 26.8 
FBS·]1 CE·26 16.2 110.2 0~7 78.9 Closed 0.315 
FBS·32 CE·26 16.1 109.9 0" 77.9 Closed 0.238 IU 15.3 
FBS·13 CE·26 17.1 1075 0.6\ 77.9 Closed 0.]66 
FBS·]4 CE-26 17.2 1065 0.62 765 Closed 0.230 '.7 2.' 
FBS·35 CE-26 IS. 103.9 0.66 78.5 Closed 0.282 
FBS·36 CE·26 18.6 103.1 0.68 76.2 Closed 0.31 7 5.' 2.1 
FBS-41 C£·26 \0.2 108.9 0~9 48.1 Closed -0.002 
F8S42 C£·26 10.1 109.4 OSS 48.2 OO$t!d 0.001 ]9.3 41.7 
FBS43 CE·26 10.9 107 .7 0.60 49 .9 Closed -0.003 
FaS-44 CE·26 10.8 108.4 0~9 SO.] Closed 0 34.0 32.2 
FBS-49 CE·26 13~ 109.0 0~9 'U Clott!d 0.085 
FBS·50 CE-26 13.4 109.9 "7 64.8 Closed O.OSS 36.0 27.3 
FBS·55 Cf-26 15.0 110.2 OS7 73.1 Closed 0.167 
FBS·56 C[·26 14.9 111.1 OS, 74.3 Closed 0.200 21.3 16.7 

FBS·9 CEoS5 11.2 113.6 OS2 S9S Cloied 0.089 
FeS·IO CE·S5 10.9 113.8 OS2 58.2 Closed 0.027 56.9 
FBS· 1\ Cf·5S 9.2 112.0 054 46.9 Closed -0.003 
FBS·12 CE·55 9.2 112.2 OS, ''1 .1 Clott!d I -0.005 53.3 
FBS·13 Cf·55 liS 113.4 052 60.8 Closed • (O.OOI.~.003."().OO51 

FBS'14 CE·55 11.6 113.6 OS2 61.6 Closed • (0.015.~.001 ,-0.(04) 36.0 'U 
FBS ·IS C[·SS 9.' 112 .9 0,5 '3 50.1 Closed • {.o.004,..Q.OD7 ,~.OO8) 
FBS·16 C['5S 9.' 112.3 OS, 50.3 Closed • ( .(1.004 ,.(1.004 ,.(I.OD5) 49.3 51.6 
FBS·21 CE·55 11.6 11 1.1 OS< - 95 Open 5.' 
FBS·22 CE-SS 11.5 111.5 OSS ' 95 "",. 5.2 
FBS·2S CE·55 14.1 115.2 OSO 78.0 Closed 0.150 
FBS·26 CE·SS 14.3 113.6 OS2 75.9 Closed 0.166 18.0 25.0 

FBS·27 C[·55 16.1 110.0 057 78.0 Closed 0.260 
FBS·28 C[·S5 16.0 108.2 0.60 74.2 a_' 0.]23 .S 5.' 
FBS·29 CE·SS 12.6 11 3.6 052 66.9 Clow:d 0.024 
FBS·30 CE-S5 12.2 113.4 0.52 64.5 Closed 0.037 58.0 49.0 

F8S·37 CE·S5 I3S 114.8 OSI 74.0 Closed 0.132 
FBS·]8 C[·55 12.9 11 5.3 OSO 71.6 a_, 0.169 ." 44.7 
F8S·39 C[·55 IS.2 112.1 054 17.1 CloKd 0.19] 

FSS·40 C[·S5 15.2 113.4 052 80.3 Closed 0.224 19.1 20.3 

FBS·S) C[·5S 17.2 108.0 0.60 79.3 ClolCd 0.348 
FBS·S4 C['55 17.4 107.1 0.61 78s Closed 0.314 2.1 ••• 
FBS.57 C[·SS 18.6 105.3 0.64 80.1 Closed 0,547 
FBS·58 C[·SS ISs 105 5 0.64 80.3 Closed 0.450 . 0.9 '.0 

Nole: FiCures in pirentl'lues ,Ire fOf uc;h freeze cyde. 2. 
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Sampl, 
no. 

FBS-21 
FBS-22 
FBS·21 
F8S·2" 

Table Bill. Frost susceptibility test data - Fairbanks silt. 

CompactIon 
,ffort 

CE-SS 
CE-SS 
CE-12 
CE·12 

WOtff co"""t Sptclmtn lIt. 

D" Saturotlo" 8,for, Aft" 8,fort Aft" 
unit wt, rotlo test ttst ttft rut Htflllf 

(fblf,J) 1-) 1-) 1-) (In.) (I".) 1-) 

111.1 " 19.0 66.2 6.0 11." 90.0 
111.5 " 11.9 61.0 6.0 11.2 86.7 
104.9 " 22.2 " .• 6.0 '03 75.0 
106.2 " 2U 66 .• 6.0 ,0> 80.0 

Table DIV_ Frost susceptibility classifiQtion. 

AII'troge rote of"_ 
(mmlrJay) 

0-0.5 
0.5- 1.0 
1.0-2.0 
2.0-".0 
".0-8,0 
>8.0 

27 

Chm/f/Cllt/on 

Ne,tl&ibte 
Very tow 
low 
Medium 
Hllh 
Very hfih 

HtfllIf fOt, 

A IIfrag' 34f1Y mllJt. 
(mm/dayj (mmlday) 

16.0 ,,~ 

1".3 21.0 




